Ultra-high-Q optical microcavities ͑Q Ͼ 10 7 ͒ provide one method for distinguishing chemically similar species. Resonators 
Ultra-high-Q microcavities can offer an enhancement of this type of measurement. 4, 5 Changes in absorption modify the cavity's intrinsic quality factor, and under constant loading conditions (provided by a coupling waveguide) these modifications to the Q factor can be observed as changes in the on-resonant optical transmission through the coupling waveguide. In this work, we demonstrate this method for the first time, using the chemically similar species D 2 O and H 2 O. 6 In a single-pass measurement, which is typical of an optothermal detector or spectrophotometer, the light will pass through the sample, giving an absorption reading over a very small distance. However, the light orbiting inside an ultra-high-Q microcavity (Q Ͼ 10ϫ 10 6 ) interacts with the sample over a large effective length, and, as shown here, can increase sensitivity to 1 part in 10 6 by volume (ppmv) or 0.0001% without increasing the testing footprint. To demonstrate this alternative to conventional chemical detection techniques, planar arrays of ultra-high-Q microtoroids were fabricated as shown in Fig. 1 8 Therefore the quality factor can be described by Q liq =2n / ␣, where n is the effective refractive index, is the wavelength, and ␣ is the absorption rate introduced into the resonator whispering gallery owing to the presence of the liquid. The refractive indices of H 2 O and D 2 O are the same, and the resonant wavelength is constant. Since the absorption of H 2 O is larger than that of D 2 O, the quality factor of the resonator in H 2 O is smaller than when the resonator is in D 2 O, at 1300 nm. 6 All detection events were performed by using a single-mode, tunable external cavity laser that was centered at 1320 nm. This laser was coupled to a single-mode optical fiber containing a short, tapered section that acts as a waveguide. The tapered section was used to couple power into and out of the whispering gallery modes of the ultra-high-Q microtoroids. These waveguides are high-efficiency probes of microcavities that function both in air and in solution and are fabricated by heating an optical fiber using an oxyhydric torch while stretching the fiber. 9 Tapered fibers for testing at 1300 nm were pulled from SMF-28 optical fiber to an average waist diameter of 1 m. During testing, the microtoroids were placed on a high-resolution translation stage and were monitored by two cameras (top and side view) simultaneously. With the taper waveguide in close proximity to the microtoroid, pure water was added and a coverslip was placed on top ( Fig. 1) , forming a waterfilled aquarium. 8 After each solution was added, the resonance spectra were recorded. Then the solution around the toroid was removed and replaced with the next solution in the series.
Both the intrinsic Q and the resonance position were determined from the transmission spectra. The intrinsic Q factor was determined by scanning the single-mode laser and measuring both the transmission and the loaded linewidth (full width at halfmaximum) in the undercoupled regime over a range of coupling conditions. The intrinsic modal linewidth (and hence intrinsic Q) is then computed by using a simple coupling model. The laser scan frequency is optimized to ensure that neither scan direction (increasing frequency versus decreasing frequency) nor scan frequency has any observable impact on linewidth. The position of the resonant frequency was determined by scanning the laser over a 0.1 nm range and monitoring-recording the resonance position from an oscilloscope.
In a first series of measurements, the solutions were prepared in 10% increments (10% H 2 O in D 2 O, 20% H 2 O in D 2 O, etc). The toroid was initially in 100% D 2 O. After the quality factor was determined, all of the D 2 O was removed, until the toroid was in air. The chamber was then flushed five times with the next-concentration solution (in this case, the 10% H 2 O in D 2 O solution), and the quality factor was again determined. This flushing process was followed for all solutions to remove trace amounts of higher-or lower-concentration solutions. Initially, with the toroid immersed in 100% D 2 O, the quality factor was 1.55ϫ 10 7 . As can be seen in Fig. 2 and in Table 1 , when the concentration of D 2 O was reduced, the quality factor of the toroidal resonator began to decrease. The Q of the toroid in 100% H 2 O was 6.4 ϫ 10 5 . The theoretical values for each concentration of D 2 O in H 2 O were calculated and are also shown. These theoretical and experimental values are also listed in Table 1 for direct comparison. This Q decrease was reversible, and by increasing the D 2 O concentration, the quality factor is recovered. This cyclical refreshing process was repeated several times, demonstrating the reproducibility of this detector.
To determine the lower bound on the detection capabilities, larger dilutions of D 2 O in H 2 O were prepared, ranging from 0.01% to 1 ϫ 10 −9 %. Starting at 100% H 2 O and slightly increasing the D 2 O concentration using the low-concentration solutions, it was possible to set a lower limit on the detection. As can be seen in Fig. 3 and in Table 1 , there is a strong signal at 0.001% D 2 O in H 2 O. However, a small but detectable shift occurs with the 0.0001% D 2 O solution. These values are not believed to reflect a fundamental limit on the detection sensitivity of this device as no attempt to address operational sources of noise in the system has been attempted here. 3 This is the equivalent of 0.003% D 2 O in H 2 O. Using resonant cavities, it was possible to improve upon this detection sensitivity by over an order of magnitude. The ability to actively monitor the presence and simultaneously determine the quantity of D 2 O is very important, especially given its significance in current strategic locations.
